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INTRODUCTION. 
Among  the  domestic  animals  no  species  is  apparently  more  sus- 
ceptible  to  infection  with  streptococci  than  the  horse.  In  at  least 
two  diseases  of  the  respiratory  tract  these  microorganisms  play  a 
considerable  part  either  as primary or  secondary  invaders.  Strep- 
tococci are also responsible for many wound  infections in horses  and 
particularly  in  foals.  Aside  from  a  specific  relationship  to  equine 
diseases, the relationship of the pathogenic streptococci found in horses 
to those of man is worthy of careful study. 
Schtitz  (1)  and  Chantemesse and Delamotte (2)  observed in  the pneumonic 
areas of the lungs of horses suffering from influenza diplococci  which when cul- 
tivated in bouillon developed as chains.  Throughout the literature these strepto- 
cocci are frequently referred to as the diplococcus  or bicoccus of pneumonia. 
Among the earlier workers Schtitz  (3),  Baruchello  (4),  Sand and Jensen  (5), 
and  Poels  (6)  isolated or observed long chained  streptococci in  the  nasal dis- 
charges  and  pharyngeal abscesses of horses  suffering  from strangles  (adenitis 
equorum). 
The  earlier  workers  described  the  morphologic  and  cultural  characters  as 
they occurred on  a  few simple media such  as agar, coagulated serum,  and in 
bouillon  and  they  attempted  to  show  specific  differences  between  these  two 
streptococci.  Their pathogenicity for mice and rabbits was clearly pointed out. 
Galtier and  Violet  (7)  also  succeeded  in  isolating cocci  in  chains  from the 
lungs of horses which had died of influenza.  They observed that the length of 
chains varied widely in different tissues and cultures.  In attempting to ascer- 
tain the source of the organism, they examined the nasal and pharyngeal mucosa 
i 
* This study was conducted during the war as a part of a study of infections 
occurring among horses,  as a measure of military importance. 
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and feces of normal horses.  They came to the conclusion that the specific strep- 
tococcus existed as a  saprophyte in all these places.  The characters on which 
the identifications were made were insufficient to separate streptococci into the 
various groups. 
Ligni~res (8) isolated streptococci from the lungs, pleural fluid, liver, spleen, 
kidneys, and blood of horses dying of influenza.  The cocci were usually ovoid 
and retained the stain by Gram's method.  They grew  as  flocculi  in bouillon 
and produced acid.  Milk was usually coagulated in 24 to 48 hours.  His cul- 
tures were pathogenic for mice and rabbits but guinea pigs were more resistant. 
2  cc.  of  a  bouillon culture injected subcutaneously into a  horse  produced  an 
abscess.  He compared Schfitz's pneumonia  diplococcus with Galtier and Violet's 
and his own streptococci and believed they were of the same species.  He then 
undertook  to  show  that  Schtitz's  strangles  streptococcus  was  identical with 
those  isolated  from  influenza.  Inasmuch  as  morphology  and  pathogenicity 
seemed  to  be  the  principal characters  on which  the  comparisons were  made, 
the results were not clear, although he regarded the streptococci as the same species. 
For a time Ligni~res was inclined to believe that streptococci were the cause of 
influenza but later he succeeded in isolating a rod-shaped organism of the septi- 
cemia hemorrhagica group which he claimed to be the agent.  A  horse inocu- 
lated with  this culture died; not only was  the  bacterium recovered  from  the 
tissues but a streptococcus as  well. 
Ostertag (9) states that the  nasal secretion of  normal horses contains a mix- 
ture of bacteria including pus streptococci.  He believed that these pus strep- 
tococci were identical with those found in influenza, but were not the cause of 
the disease since intranasal inoculation  of material (nasaldischarge)containing 
them failed to produce influenza. 
During the next few years many writers discussed these organisms and their 
relationship to the diseases with which they were associated; in attempts to dif- 
ferentiate them, their virulence for mice and rabbits, the character of the growth 
in bouillon, and the length of chains proved as inconclusive  as formerly.  Thus 
Pfeiler (10)  showed that the streptococci isolated from pyogenic conditions and 
pneumonia grew  abundantly throughout bouillon.  Bouillon  cultures  produce 
septicemia in mice.  The strangles streptococcus grew more sparsely in bouillon 
and left the medium clear.  Mice developed pyemia after subcutaneous injec- 
tions.  50 to 60 cc. of a24 hour bouillon culture of the pneumonia streptococcus 
injected intravenously into horses pr9duced a severe reaction which usually ter- 
minated in pneumonia or pleuritis.  In addition he  found agglutinins for  the 
streptococcus in the blood of horses suffering from influenza.  He concluded that 
it was the cause of influenza. 
Todd (11) described cocci occurring in chains of 30 to 60 individuals which he 
isolated from  strangles abscesses.  Microscopic  examination of  the  nasal dis- 
charges usually revealed pairs and short chains.  In bouillon they grew at the 
bottom of the tube, leaving the medium clear.  Milk was coagulated in 6 or 8 
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inoculated subcutaneously with bouillon  cultures  developed  abscesses.  Cul- 
tures injected into the jugular vein caused only a slight general reaction.  From 
his studies he does not believe that the causative streptococci are carried on the 
mucosa of the upper air passages of normal horses, but points out that they may 
be harbored for long periods after recovery. 
Jensen (12)  in discussing the specific prophylaxis and therapy of the strepto- 
coccic diseases of animals touches on the relationship of various streptococci in 
strangles,  influenza,  petechial  fever, and wound infections.  He  considers  that 
Holth  (13)  described a  streptococcus (Streptococcus equi) which is the cause of 
strangles.  It produces  acid  in  dextrose,  maltose,  saccharose,  and  salicin  but 
fails to ferment lactose, raffinose, inulin, or mannite, thus differing sharply from 
the diplococcus of influenza (Brustseuchekokkus)  and the  pyogenic streptococci. 
Jensen  considers  the  etiology of influenza  still  in  doubt but  believes  that  the 
diplococci associated with it belongs to the Streptococcus pyogenes group.  They 
differ  from Streptococcus  equi  in  their  ability  to  ferment  lactose  and  sorbite 
(Holth). 
Bemelmans (14)  brings forth a  clinical observation to support the claim that 
strangles  and influenza  are not due  to the  same streptococcus.  Thus cavalry 
horses that had recovered from strangles 9, 11, and 45 days previously came down 
with influenza.  He argues that if the infections were caused by the same strep- 
tococcus the horses  would not have been susceptible to a second attack within 
such  a  short period.  Bemelmans also quotes Holth, who showed that the stran- 
gles organism was an encapsulated streptococcus which fermented dextrose, sac- 
charose, maltose,  and salicin but failed to break down lactose, raffmose, inulin, 
or glycerol. 
Koch  and  Pokschischewsky  (15)  compared  the  human  streptococcus,  ery- 
sipelatos,  with  various  strains  of  horse  streptococci.  The  human  types had 
been  isolated  by  the  writers.  The  horse  streptococci,  with  the exception  of 
three  strains,  had  been  isolated  from cases  of strangles  in  other  laboratories. 
They had been grown on artificial media for long periods  (1  to 5 years).  The 
details concerning the more important biological characters are given in twenty 
instances.  All the human strains  fermented dextrose,  saccharose, maltose,  and 
mannite.  Three failed to ferment lactose; the others acted upon this substance. 
All the horse strains produced acid in dextrose, sacch~rose, and maltose.  Raffi- 
nose and mannite were not acted upon.  Five strains fermented lactose; the others 
failed to do so.  Both the human and equine  streptococci produced hemolysis 
in blood agar plates.  The equine types had a tendency to produce larger areas 
of  hemolysis.  The  net  acid  production  after  several  days  incubation  when 
measured with 0.05 N sodium hydroxide with phenolphthalein as indicator failed 
to show marked differences between the horse and human strains.  Four strains 
of each type when grown in dextrose and titrated after maximum acid production 
had been reached averaged for the human +2.55 per cent and the equine +2.65. 
After studying the relative virulence of each type they concluded that the strepto- 
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interesting to observe that they assumed that the horse streptococci were all of 
one species whereas in reality there were two, one capable of fermenting lactose 
and the other unable to  do so.  The same holds true with the human types. 
The mannite fermentation by all the human strains was not regarded as of par- 
ticular significance. 
To Schofield  (16)  we are indebted for a  clear description of the streptococci 
occurring in septic arthritis of foals in Canada.  In fifteen cases he found strep- 
tococci in  the affected joints.  The cocci  are described as growing in pairs on 
media  other  than  bouillon.  They  stain  by  Gram's  method.  To  determine 
hemolysis defibrinated rabbit blood,  1 cc.,  and agar,  10 cc.,  were .poured into 
Petri dishes and allowed to congeal; the surface was then streaked with culture. 
Type II produced a clear space 5 to 6 mm. wide about the growth.  The clear 
area extended to the bottom of the dish.  In Type III he found that hemolysis 
took place immediately surrounding the growth but left a  discolored zone be- 
tween the hemolyzed area and the surrounding medium.  Apparently the only 
differences between Types II and III were the size of the hemolytic area and the 
pathogenicity for rabbits.  Type I is spoken of as the Schiitz streptococcus but, 
since his protocols fail to show its presence in the joints or give any data concern- 
ing it and since no description of it is offered, it might as well have been omitted. 
Both Types II and III ferment dextrose, lactose, saccharose, and salicin but fail 
to ferment inulin, raffinose,  dulcite, and mannite.  He states: "The quantity of 
acid produced varied with the same strains under different conditions and with 
similar strains under the same conditions."  It is pointed out, however, that no 
strain lost or acquired fermentative power. 
Mathers  (17) cultivated  streptococci  from  the  nasal  discharges  of  horses 
suffering  from  influenza.  In seven of twenty-two blood cultures streptococci 
developed.  In addition he found them in exudate from the eye, the pleura, in 
purulent joints, and involved lymph nodes.  Hemolytic streptococci were  the 
only organisms occurring with  any  degree  of  regularity.  On  standard blood 
agar plates (1 cc. of defibrinated goat blood and 9 cc. of agar) the colonies were 
round, moist, and adherent.  They were surrounded by a clear area of hemolysis 
2  to 4  mm. in diameter.  The morphology varied; pairs,  chains of  pairs,  and 
chains were recorded.  Many were  Gram-negative.  They fermented dextrose, 
lactose, saccharose, and salicin.  Milk was acidulated but not coagulated.  It is 
stated that many variations in the fermentative characters occurred.  The strep- 
tococci were not highly pathogenic for  rabbits but highly virulent for horses. 
Intranasal inoculation of  a  normal  horse  with  "extracts"  prepared  from  the 
nasal discharge of a horse suffering from influenza resulted in a "typical  attack" 
of the disease.  To test Gaffky and Ltihrs' (18) findings that influenza is caused 
by a filterable agent, a series of sixteen inoculations was made.  The nasal exu- 
date  from diseased horses  was  suspended in salt  solution and extracts  of  the 
pneumonic lung were prepared and both filtered.  In no instance was influenza 
produced by the injection of filtrates.  Intranasal sprays with the sediment ob- 
tained from 180 cc. of an ascitic dextrose broth culture produced a  severe rhinitis F.  s.  joz,~s  163 
and  pleuritis accompanied with fever and  rapid  pulse and  respirztion.  The 
horse recovered in  18  days.  Another horse was  injected  intravenously with 
sediment from the same amount of culture.  It developed symptoms of influenza 
and died 8 days later.  Autopsy revealed fibrinous pleuritis, bronchopneumonia, 
and evidences  of septicemia. 
Since  the  relationship  of  the  strangles  streptococcus  with  those 
associated with influenza seemed confused, it was considered advisable 
to study these streptococci with the methods now in use.  In addition, 
the  problem  of  ascertaining  whether  streptococci  similar  to  those 
found in strangles and influenza were carried on the nasal mucosa or 
in the pharynx of horses presented itself.  Studies were made on the 
following classes of horses: (1) normal horses (eastern) that had been 
in this vicinity for some time; (2) apparently normal horses that had 
recently been shipped from the West; (3) those suffering from strangles, 
influenza, rhinitis, and purulent conditions. 
Streptococci of the Nasal Mucosa and Upper Pharynx of Normal 
Horses. 
Sterile cotton swabs wound on bale wire, 15 and 30  cm. in length, 
were  employed to obtain material.  The  shorter were used for  the 
nasal passages and the longer for the pharynx.  The same swab was 
used in both nostrils.  In making preparations from the throat the 
mouth was held open with a speculum, the tongue depressed, and the 
swab  brushed  over  the  mucosa  of  the  upper  pharynx.  Within  2 
hours the swabs were agitated for a  few seconds in tubes containing 
10  cc. of sterile 0.9 per cent salt solution.  Two or three loopfuts of 
suspension were inoculated into  a  tube  containing  12  cc. of melted 
veal infusion agar  (2  per  cent)  cooled to 45°C.  and  the whole was 
plated with 1 cc.  of defibrinated horse blood.  After 24 hours incu- 
bation  at  38°C.  subcultures  were  made  from  colonies  resembling 
streptococci. 
The results of the examinations of the thirty eastern horses may be 
summarized as follows: 
Horses carrying non-hemolytic  streptococci on the nasal mucosa  ....  8 
Horses carrying hemolytic streptococci  on the nasal mucosa  ........  0 
Horses carrying rron-hemolytic  streptococci in the pharynx .........  6 
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The morphological and cultural characters of these streptococci are 
given  in  Tables  I,  II,  and  III.  Inoculations  from  18  hour  broth 
cultures were made into tubes containing  13 cc. of fermented bouillon 
adjusted to +0.6 to +0.8 (phenolphthalein),  to which had been added 
sufficient amounts of the carbohydrates and other substances to make 
a  1 per cent solution.  Titrations  were made after 5 days incubation 
at  38°C.  An incubation  period of this  length  was  considered  suffi- 
cient since the maximum  acid  production is  usually reached  within 
36 hours.  The amounts recorded in the tables represent the net acid 
production. 1  Litmus  milk  was  likewise  incubated  for  5  days.  On 
removal from the incubator if not coagulated the  tubes were boiled 
for a few minutes.  The figures under the  column "Diameter  of area 
of hemolysis"  represent  the  diameter  of  hemolysis  about  the  deep 
colonies after  24 hours incubation. 
Smith  and  Brown  09)  and  Brown  (20)  describe  two  principal 
types of  hemolysis.  The  alpha  type is  characterized  by  a  partial 
hemolysis  and  greenish  discoloration  of  the  red  cells  immediately 
surrounding  the  deep  colonies.  This  zone  is  succeeded by another 
clear band of partially hemolyzed cells.  In the beta type the hemo- 
lytic area is sharply defined and  clear,  since the cells are completely 
hemolyzed.  The beta type has been frequently observed among the 
horse  streptococci but  the  alpha  type  has  not  been  met  with.  A 
characteristic  hemolytic zone has  been noted  with  considerable  fre- 
quency in the throat strains from horses.  It surrounds both the sur- 
face  and  deep  colonies  as  a  clearly  defined  area  varying  in  color 
from light  orange  to  a  delicate  red.  In certain  instances  there is a 
narrow clearer line between the colony and the larger discolored area. 
Microscopic  examination  reveals  the  presence  of  aggregates  of  un- 
hemolyzed  red  cells  throughout  the  lighter  colored  zone.  The  in- 
tensity  of  color  appears  to  depend  on  the  number  of unhemolyzed 
cells.  If the incubated plates are stored for 24 or 48 hours the color 
of  the  unhemolyzed  cells has  a  tendency  to  deepen.  When  rabbit 
blood is  used  in  the  plate:  cultures  the  picture  is  not  so  striking. 
Colonies  surrounded  by  the  narrow  clear  line  have  been  indicated 
1  The  total acidity  reached in  the various test substances may be approxi- 
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in  the  tables  as  Type xa (Figs.  1  and  2),  and those which showed 
only the partially hemolyzed area as Type x  (Figs. 3  and 4). 
Since all strains were Gram-positive, mention of this characteristic 
has been omitted from the .tables. 
The  nasal strains  fall into two groups when classified on the basis 
of  lactose  fermentation.  In  both  the  proportion  of  mannite-fer- 
menting strains is high.  The predominating  type is a  streptococcus 
which  produces  acid in  dextrose,  lactose,  saccharose,  maltose,  man- 
TABLE  I. 
Non-Hemolytic Streptococci from  the Nasal Mucosa of Eastern Horses. 
Strait 
No. 
N 
N  8 
N  9 
N  10 
N  11 
N  23 
N  15 
N  191 
N  6 
N  161 
N  3 
N  4 
Grouping. 
L.  C.  ~ 
*a 
a¢ 
*g 
ag 
aa 
¢¢ 
aa 
Pairs and S. C. 
aa  ag  ag 
L.C. 
~a 
Growth 
bouillo 
Cl,?r  I 
Turbi 
ag 
Clear. 
a* 
aa 
c* 
Turbi, 
aa 
Clear. 
lc 
Litmus milk. 
Coagulated on boiling. 
ac 
aa 
a¢ 
aa 
aa 
aa 
ca 
Unchanged. 
ag 
ag 
aa 
Production of acid in. 
~r  let I per [ per I per I per [ ~r  I per 
cot, cent ce., I ten, cent[ ~e.~ cen,[ ten, 
3.0 2.6 2.4 2.4 0.0[0.0 2.6 1.9 
"  "  3,4[2.82.82.50".00.02.52.6 
"  "  2.712.82.82.410.00.01.92.1 
"  "  2.512.312.412.2[0.1  0.2 1.912.4 
"  "  2.32.10.02.20.00.01.72.3 
,  ,,  2.52.42.32.40.210.02.72.  0 
,,  ,,  3.23.52.23.00.210.112.712.5 
"  "  3.5{3.5 3.5 3.0 0.0 0.0 2.5 2.3 
1.70.2 1.41.50.210.20.2  1.6 
1.8 0.0 1.811.8 0.110.010.o]1.9 
3.0[0.112.7[3.0[2.8  0.112.7 3.2 
[2.410.112.412.410.1t0.112.512.4 
* L. C. indicates chains of 20 or more elements; threads  of 8 to 20 are indi- 
cated as M. C., and those made up of 6 or 8 cocci as S. C. 
nite,  and salicin.  One strain failed to ferment saccharose.  None of 
these  streptococci proved  pathogenic  for mice  when 0.1  cc. of  a  24 
hour bouillon culture was injected into the peritoneal cavity. 
Six  of  the  seven  strains  of  non-hemolytic  streptococci  from  the 
pharynx failed to ferment lactose.  They differed from the nasal types 
in their inability to ferment mannite.  All except one attacked raffi- 
nose  or  inulin.  The  hemolytic  streptococci  possessed  similar  fer- 
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and  non-lactose-fermenting  strains  was  nearly  equal.  They  too 
were capable of breaking down raft]nose or inulin.  Acid production 
in mannite was not infrequent but  always occurred in  combination 
with raffinose or inulin  fermentation.  S.train  P  14  differed sharply 
from thb others in  its  cultural  characters  and its  pathogenic prop- 
erties.  This  species  was  extremely virulent  for mice and  rabbits. 
The  others  failed  to  produce ill  effects when 0.1  cc.  of  a  24  hour 
bouillon culture was injected into  the peritoneal cavity of mice, or 
when 1 cc. was injected intravenously into rabbits. 
TABLE  If. 
Non-Hemolytic Streptococci from the Pharynx of Eastern Horses. 
~trait 
No. 
P 41 
P 45 
P 13 
P 42 
P 52 
P  5 
P 36 
Grouping.  ~rol his  bou  on. 
Pairs and S. C  Tu~  ,id. 
L.C. 
Pairs.  Cler. 
L.C.  Tul ,id. 
M.C. 
at 
Litmus milk. 
Unchanged. 
*c 
Coagulated on boiling. 
.o 
¢e~tJ 
4.3 
3.0 
3.8 
4.8 
3.2 
4.7 
3.4 
Production o[ acidin. 
~ri ~r  ~r  :Uriper  ~ur  /* 
~  cetl~  ¢e~|  c~  Ce~J  icent  ~e~ 
3.03,74.03.513.40.03. 
i 
3.112,42.62.53,00.23. 
;0.112.63.00.312.6  0.1 2. 
0.04.44.50.04.70.14. 
0.13.02.90.1i2.70.12. 
0.1!4.53.20.1,0.2  I).l 3. 
,2.93.53.62.5i3.60.13. 
From these studies several points stand out clearly.  The bulk of the 
nasal flora is made up of non-hemolytic streptococci which ferment 
mannite.  In the pharynx both hemolytic and non-hemolytic strep- 
tococci  which  ferment  raginose  and  inulin  predominate.  Strains 
which fail to produce acid in lactose are frequent in both regions. 
Since the preceding results had established sufficiently the strepto- 
coccic flora of normal horses which had been in the East for some time, 
studies were begun on horses which had been recently shipped from 
the West.  These animals were apparently normal when the cultures 
were made.  Horses were examined over a  period of 5  months.  It 
may be assumed that they had been exposed to influenza and other 
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TABLE  III. 
Hemolytic  Streptococci  from  the  Pharynx  of  Eastern  Horses. 
Group-  ~train  No.  ing. 
Production of acid in. 
Growth 
in  Litmus  milk.  o  ~  6 
per  per  per 
Gent CCnl Cen~ 
L.C.  i Clear.  Unchanged.  2.10.01. 
"  "  "  2.70.02.8 
"  Turbid.  "  2.80.12.5 
"  Clear.  "  1.30.0.1.4 
"  "  "  2.80.02.6 
M.  C.  "  "  2.80.02.2 
Pairs  Turbid.  "  4.00.03.7 
and 
S.C. 
"  "  "  "  "  3.70.33.7 
M.  C.  "  "  2.60.02.3 
Pairs  Clear.  "  2.40.  02.4 
and 
S.C. 
S.C.  Turbid.  "  4.60.04.2 
L.C.  Clear.  Coagulated  .. 71.31.7 
on boiling. 
"  "  "  "  "  3.83.53.8 
M.C.  "  "  "  "  2.92.72.9 
L.C.  "  "  "  "  3.62.13.4 
Pairs  Turbid.  Acid.  2.82.63.0 
and 
S.C. 
Pairs.  ."  Coagulated 
on  boiling. 
and 
S.C. 
....... '  Acid.  3.83.23.7 
M.C.  "  Firmly coag-  4.74.55.2 
ulated. 
Clear.  Coagulatedon  boiling.  3.42.8. 3.1 
! 
Diametet 
of area 
•  of  hemol- 
=  ysls.  ~ .~ 
per  per 
cent  c~'f;l 
2.01.7 
2.82.4 
2.82.3 
1.51.9 
2.62.2 
2.12.2 
4.03.5 
;i 
i 
I 
3.~ 
2.£ 
2.2 
per  per: per 
cent  cen~  cent  mm. 
1.90.C 2.03.003.5  Beta, 
2.80.C 3.3 4.005.{  x 
3.20.E 2.8  3.0  x 
1.30.C  1.83.5-4.0  Beta, 
1.70.C 2.2  1.0  x 
1.80.C 0.62.5-3.0  x 
3.40.C 0.83.54.0  x 
2.91.73.33.32.0-2.5  x 
0.02.20.C  2.42.5-3.0  Beta, 
0.02.40.02.42.5-3.0  x 
4.¢0.04.32.24.2  2.0  x 
1.~ 1.4 1.80.0  1.83.0-4.0  x 
3.5  9.63.70.24.03.003.5  x 
2.7  2.52.10.03.02.5-3.0  Beta, 
3.12.72.90.02.64.5-5.0  x 
3.12.52.32.82.92.5-3.0  Beta, 
3.43.13.23.3i2.9003.12.~  4.005.0  xa 
3.12.73.13.2  .  260.02.62.~4.0-5.0  xa 
3.~ 3.20.02.93.~  3.0°3.5  x 
5.24.20.20.04.1  6.007.0  xa 
3.30.00.00.02.4  3.0-3.5  Beta, 168  STREPTOCOCCI  OF  EQUINES 
suffering from influenza when the cultures were made.  In all proba- 
bility  many  had  been  exposed  repeatedly.  It  was  impossible  to 
observe them  after  they had  left the  sales  stables;  some may have 
come down later. 
The following summarizes  the results of the nasal  and pharyngeal 
examinations  of the  twenty-three  western horses: 
Horses carrying non-hemolytic streptococci on the nasal mucosa ....  8 
Horses carrying hemolytic streptococc  i on the nasal mucosa .........  8 
Horses carrying non-hemolytic streptococci in the pharynx .........  11 
Horses carrying hemolytic streptococci in the pharynx .............  11 
TABLE  IV. 
Non-Hemolytic  Streptococci  from  the  Nasal  Mucosa  of  Western  Horses. 
Straiv  No.  Grouping. 
N2~  L.C. 
N  ~  " 
N  44  " 
N  4~  " 
N  27  Pairs and S. C. 
i  41  "  "  " 
N24  M.C. 
N  3~  " 
N  4~  " 
Growt 
in 
bouillo 
Turbi, 
Clear. 
cg 
lc 
Turbi, 
Clear. 
Litmus milk. 
Coagulated, not firmly. 
"  on boiling. 
cg  cc  t¢ 
~c  ct  ¢c 
Unchanged. 
~c 
Production of acid in. 
•  per  per  per  per  per  per  ,~nt cent] cent[ c~t  cent[ cent 
4.1 3.013.913.6[0.0]0.0 
3.53.713.73.31o.oio.2 
2.92.53.43.10.00.0 
3.93.23.03.40.10.1 
3.23.03.13.20.03.2 
3.613.4 3.813.8 0.1 3.3 
3.7 3.1 3.7 3.5[0.0[0.0 
3.30.13.43.42.73.1 
14.210.113.913-613.410.0 
"5 
per 
Ge~q~ 
3.5 
2.6 
2.5 
4.1 
0.0 
0.0 
3.0 
3.2 
5.0 
An outstanding feature is the presence of hemolytic streptococci in 
the lower nasal passages of 30 per cent of the western horseL  Strep- 
tococci of this type were not found in the same region in the eastern 
horses.  The  morphological  and  cultural  characters  are  given  in 
Tables IV  to VII. 
It  is  interesting  to  observe  that  the  non-hemolytic  streptococci 
from the nasal mucosa are similar in both eastern and western horses. 
Mannite fermenters make up the majority of the flora, although raffi- 
nose  and  inulin  fermentation  was  observed  more  frequently.  A 
striking difference in the flora of the two classes of horses is the pres- ~.  s.  JON'ES 
TABLE  V. 
Hemolytic Streptococci from  the Nasal Mucosa of Western Horses. 
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Strain  Group-  Growth  Ptodtd cCcn of ~ cid in. 
No.  ing.  bouinlon.  Litmus  milk.  d  .  ~  .  ,3  d  ~  ~  ~  ~  ~  ..~-  ~ 
~20  --  Turbid.  --  l~r  ~er  Per  per  per  per  per  pe, 
M.C.  Coagulatedboiling. on  3.8 3.0 3.6 3.6 0.0 0.0 0.0 3. 
N25[  L  C  Cle"r.a  "  "  "  4.24.04.44.30.10.00.03.~ 
N28 I  :',  ........  4.33.84.54.20.00.20.03., 
N29[  ......  4.63.2[4.24.2[0.00.00.03. 
N38[  M:C.  Turbid.  ' .....  4.23.73.84.70.00.10.13.1 
N421  "  "  "  4.83.84.03.80.00.00.04.~ 
N471S. C.  Clear.  I  ......  4"213"64"14"10"010'00"03"¢ 
I"  I  N 481 M.C.  '  .....  14.1t3.614.014.010.210.210.0t3.! 
Diameter  ~ 
of area  [  "~ 
of he.tool-  "~  . 
m~. 
3.5-4.0  Beta. 
3.0-3.5  " 
2,5-3.0]  " 
3.5--4.0[  " 
3.5-4.0  " 
3.0  " 
3.5-4.0[  " 
3.5-4.0]  " 
TABLE  VI. 
Non-Hemolytic  Streptococci from  the Pharynx  of Western Horses. 
Production of add in. 
Strain No. 
P 48 
P 67 
P  73 
P  74 
P84 
P64 
P 75 
P 76 
P 58 
P60 
P 69 
P 72 
P 78 
P 83 
Groupk 
L.C. 
S.C. 
L.C. 
S.C. 
L.C. 
M.C. 
Pairs 
and 
S.C 
L.C. 
M.C. 
L.C. 
S.C. 
Growth 
111 
bouillon, 
Turbid. 
tg 
~c 
Clear. 
Turbid. 
¢¢ 
cc 
Clear. 
Turbid. 
Litmus milk. 
Unchanged. 
t¢ 
Firmly coagulated. 
Coagulated on boiling. 
"  not firmly. 
"  on boiling. 
~n  .o 
pe 
!. 
3.9 
4.2 
i'!i" 
po  per 
~en  GenJ cent 
~.(  3.2 
~.] 4.0 
I.~ 3.4 
t..' 4.3 
3.53.3 
5.60.0 
0.03.7 
0.03.3 
3.32.9 
3.5 3.7 0.0] 
i 
2.212.810.o I 
3.413.2/0.o I 
2.94.110.0 
3.43.80.1 
A 
per  per 
cent 
).23.1 
).03.6 
).013.3 
).II3.9 
LOI4.0 
).0[5.4 
).0]3.5 
).O]2.7 
).013.0 
3.6 
1.7 
3.7 
3.2 
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ence of pathogenic hemolytic streptococci (Streptococcus pyogenes) on 
the nasal mucosa of the western horses (Table V).  These streptococci 
produced acid in dextrose, lactose,  saccharose, maltose,  salicin,  and 
milk.  The  other  substances  were not  fermented.  Mice,  when in- 
jected intraperitoneally with  0.1  cc.  of a  24  hour  bouillon  culture, 
developed septicemia and died within 24 or 48 hours.  Rabbits when 
injected intravenously with 1 cc. of culture were much more resistant; 
TABLE  VII. 
Hemolytic Streptococci from  the Pharynx  of Western Horses. 
Strain No. 
P 55 
P  56 
P61 
P  62 
P  63 
P  79 
P  80 
P81 
P  57 
P  68 
P  66 
P  82 
P  65 
Litmus milk, 
Coagulated on  Beta. 
boiling. 
Acid.  " 
Coagulated on  " 
boiling. 
Coagulated,  " 
not firmly. 
Unchanged.  x 
~  xa 
"  xa 
Coagulated on  Beta. 
boiling. 
many became emaciated and showed severe temperature reactions. 
Some  recovered while  others  developed purulent  arthritis.  Larger 
doses of culture usually produced septicemia. 
The same groups which were encountered in the pharyngeal flora of 
eastern horses were observed in the western horses.  Among the non- 
hemolytic  streptococci  raffinose-  and  inulin-fermenting  types  pre- 
dominated.  Strains  which failed  to  ferment lactose were frequent. F.  s.  jo~ms  171 
The horses from the West carried Streptococcus pyogenes in the throat 
in  eight  instances.  The  other  five  strains  given in Table VII  are 
raffinose or inulin fermenters which may or may not act upon malmite. 
They are  similar to those observed in Table III.  Three streptococci 
of the pyogenes type from the pharynx possessed the same pathogenic 
properties for rabbits and mice as those found on the nasal mucosa. 
Pathogenic Streptococci of the Nasal Mucosa and Upper Pharynx of 
Diseased Horses. 
Pathogenic  streptococci  have  been  isolated  from  horses  suffering 
from acute diseases of the respiratory tract (influenza, rhinitis, pharyn- 
gitis,  and  strangles)  and  from  infected  wounds.  The  material  was 
• obtained by brushing the affected surfaces with a  sterile swab.  Salt 
solution suspensions were then made.  Plates were prepared within a 
few hours. 
Among twenty-four cases of influenza  hemolytic streptococci were 
found in  considerable  numbers  in  the  nasal  discharge  from  twenty- 
two.  The  plate  cultures  from  the  pharynx  were  positive  in  eight 
cases.  When conjunctivitis  (pink eye) was an  accompanying factor 
streptococci  were  obtained  in  practically  pure  culture  from  the 
ocular exudate.  It was possible to obtain material from six cases of 
strangles.  Pus  from  various  acute  and chronic  purulent  conditions 
was suspended in salt solution from which plate cultures were made. 
Streptococci  were  frequently  found  in  pure  culture.  Table  VIII 
indicates  the  cultural  characteristics  of these  streptococci. 
It will be observed that the streptococci fall into two broad groups. 
The larger group,  composed of streptococci from influenza,  strangles 
(three  cases),  and  all  but  one  abscess  are  of Streptococcus pyogenes 
type.  They produce acid in dextrose, lactose,  saccharose,  maltose, 
and  milk  but  fail  to  acidulate  raffinose,  inulin,  or  mannite.  The 
smaller  group,  Streptococcus equi, includes  the  non-lactose-ferment- 
ing  strains  which  do  not  produce  acid  in  raffinose,  inulin,  man- 
nite,  or milk.  These were found in influenza  and  strangles, rhinitis 
and pharyngitis,  and once in an abscess. 
Both types are especially virulent for mice.  Rabbits are more re- 
sistant.  1  cc.  of a  24 hour  bouillon  culture  of certain  strains  may 172 
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cause septicemia but usually produces severe febrile disturbances or 
causes localization in  joints.  Arthritis  is  the most  frequent result 
of intravenous injections. 
The  colonies  of Streptococcus  pyogenes  are  round,  slightly  raised, 
translucent, and rarely exceed 1.5 ram. in diameter.  The hemolytic 
area is of the beta type and is pronounced about both the surface and 
deep  colonies.  The  colonies  of Streptococcus  equi  are  larger,  more 
opaque,  sharply  raised,  and  glistening.  Hemolytic  zones  develop 
about  both  the  surface  and  deep  colonies.  On  horse  blood  agar 
slants  the  non-lactose-fermenting  type  produces  a  much  thicker, 
glistening, opaque growth and resembles Streptococcus mucosus.  The 
other forms a more delicate, thin dry film. 
Preparations from the peritoneal exudate of mice dying as the re- 
sult  of inoculation,  stained  by  Gram's  method and  counterstained 
with  safranine,  show both  types grouped in pairs and short chains. 
A  well  developed  capsular  substance  can  usually be  demonstrated 
about  the  cocci.  In  films  made  from  the  pus of  infected horses 
Streptococcus  equi  usually appears  as diplococci and  chains of 10  or 
12.  In one instance extremely long chains were observed.  Strepto- 
coccus pyogenes frequently occurs in pairs and in chains of 6 or 8. 
DISCUSSION. 
The true etiological relationship of streptococci to both  strangles 
and influenza is still in doubt.  There can be no question, however, 
that  they play  an  important  part  in  both  diseases.  Streptococcus 
pyogenes has been found more frequently in horses suffering from in- 
fluenza than Streptococcus equi,  although the latter species has been 
isolated  from  four  typical  cases.  In  strangles  the  opposite  holds 
true, but in certain instances Streptococcus pyogenes has been isolated 
in pure culture.  It is possible that nasal and pharyngeal infections 
depend,  to  a  considerable degree, on  a  lowered resistance.  Such a 
condition may exist either as the result of a distinct primary infection 
due to another organism or virus, or to a number of external causes. 
The proportion  of infected animals following a  journey appears  to 
depend  somewhat  on  atmospheric  conditions,  diminished  rations, 
overcrowding, and the length of the journey.  One fact which points 
to  a  cause  or  causes other than  the streptococcus is  the frequency 176  STREPTOCOCCI  OF  EQUINES 
with  which  apparently  normal horses  carry  virulent  Streptococcus 
pyogenes on the nasal mucosa and in the throat.  Such horses in this 
district are purchased by farmers who immediately house them with 
other horses on  their  farms.  Influenza rarely develops  among  the 
resident horses.  It is  not uncommon, however, for  an  aged horse 
reared in the East to  develop influenza or  strangles  after exposure 
to  these diseases in sales stables. 
It is becoming a  common practice to attempt to immunize horses 
with  killed  cultures  of  streptococci  before  shipment.  From  this 
investigation it  seems  that  these  vaccines  should  contain both  the 
lactose-fermenting  Streptococcus pyogenes  and  the  non-lactose- 
fermenting Streptococcus equi. 
The horse streptococci, especially Streptococcus pyogenes, resemble 
those of human and bovine types to a certain extent.  The cow strains, 
from mastiffs,  are easily separated from those of the horse by their 
low pathogenicity for mice and rabbits and their ability to coagulate 
milk.  Bovine streptococci from mastitis rarely produce well marked 
areas of hemolysis about the surface colonies.  Hemolytic zones usu- 
ally  develop  about  the  surface  colonies  of  the  pathogenic  human 
and  equine  strains.  The  pathogenic  horse  streptococci  closely  re- 
semble those from human diseases in pathogenicity for rabbits  and 
mice and in their hemolytic properties.  Avery and Cullen (21) have 
shown  that  the  hydrogen ion  concentration  of  the  bovine  strains 
grown in dextrose broth ranges between 4.3 and 4.5, while that of the 
human strains is 5.0 to 5.2.  These differences have held true when 
measured with 0.05 N sodium hydroxide.  The acid production of the 
bovine  strains  from  mastitis  has  averaged  4.4  per  cent  of normal 
acid, of those pathogenic for the horse the net production is a  little 
lower, 4.1  per cent.  The human strains,  however, are considerably 
lower,  2.6  per  cent.  Thus  acid  production  appears  to  serve  as  a 
ready means of differentiation between the pathogenic  animal  and 
human strains. 
SUMMARY. 
The  lower nasal  mucosa and  the  pharynx  of  thirty  eastern  and 
twenty-three western horses have been examined for streptococci. 
Eight of the eastern horses carried non-hemolytic streptococci on 
the nasal mucosa.  From the pharynx of six, non-hepaolytic strepto- F.  S.  JONES  177 
cocci were cultivated.  The throats of eighteen contained strains of 
the hemolytic type.  The nasal mucosa of the eastern horses failed 
to show hemolytic streptococci. 
Eight  western  horses  carried  non-hemolytic  streptococci  in  the 
nasal passage; eight also harbored the hemolytic type.  Twenty-two 
strains were isolated from the pharynx.  Eleven were hemolytic. 
Among  all  the  non-hemolytic nasal  strains  those  capable  of fer- 
menting malmite predominate.  Those  of  the  non-hemolytic types 
from the pharynx of both classes of horses may or may not ferment 
lactose but all do ferment either raffinose or inulin.  In no instance 
have any of the non-hemolytic types proved pathogenic for mice. 
The hemolytic strains from the nasal mucosa of the western horses 
were all  of the Streptococcus pyogenes type.  They were pathogenic 
for mice and rabbits.  One strain from the pharynx  of  an  eastern 
horse and eight from the throats of the western horses were of the 
same  species.  All  the  others  corresponded  closely  in  their  fer- 
mentation reactions with non-hemolytic streptococci from the same 
region. 
The  streptococci  from  pathological  sources  were  all  hemolytic. 
They have  fallen into  two  groups;  the  larger  group  (Streptococcus 
pyogenes)  produced  acid  in  dextrose,  lactose,  saccharose,  maltose, 
milk,  and  salicin  but  failed  to  change  the  reaction  of broth  con- 
taining raffinose, inulin, or mannite.  The streptococci of the smaller 
group (Streptococcus equi) differ only in their inability to ferment lac- 
tose or acidulate milk.  Both types are pathogenic for mice.  Rab- 
bits are usually more resistant. 
Streptococcus pyogenes has been isolated from eighteen of twenty- 
two cases of influenza, three of six cases of strangles, and from eight of 
nine abscesses.  Streptococcus equi was observed in  four horses  suf- 
fering from influenza and five others affected with  strangles.  This 
species was also found in an abscess and associated with both rhinifis 
and pharyngitis. 
I  am indebted to Dr. W.  J. Lentz of the Veterinary Department 
of  the  University  of  Pennsylvania  for  considerable  material  from 
abscesses, and to Dr. P. J. Runyon of Freehold, N. J., through whom 
a  great portion of the material was  obtained.  Dr.  R.  B.  Little of 178  STREPTOCOCCI  OF EQUINES 
this  department  assisted  in  collecting  and  also  obtained  much 
material. 
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EXPLANATION OF PLATE 12. 
FIG.  1.  Plate  Culture  P  40.  Hemolysis Type xa;  2  per  cent  vealinfusion 
agar,  12 cc., defibrinated horse blood, 1 cc.; incubation 24 hours at 38°C.  The 
inner clearer zone surrounded by the larger area of partial hemolysis is shown. 
FIG. 2.  A deep colony from the same culture.  Note the aggregates of unhemo- 
lyzed cells in both zones.  ×  60. 
FIG. 3.  Plate Culture P 57.  Hemolysis Type x; media and incubation periods 
identical with those described under Fig. 1.  The hemolytic area is more or less 
hazy due to a partial dissolution of the red cells. 
FIO.  4.  A  deep  colony of Culture  P  57.  Clumps  of  red  cells  are  visible 
throughout the area of hemolysis.  ×  60. THE JOURNAL OF  EXPERIMENTAL  MEDICINE VOL. XXX.  PLATE 12. 
FIG.  1.  FIG.  2. 
FIG.  3.  FIG. 4. 
(Sones: Streptococci  of equines.) 